In this study, a low-cost composite adsorbent was prepared from snail shell and rice husk (SS-RH) through calcination for brilliant green dye (BGD) adsorption from aqueous solution. Six two-parameter and three three-parameter isotherm models were used to fit the experimental data by both linear and non-linear regression methods using ten error functions. Linear and non-linear regression analysis coupled with linear and non-linear fit error functions all revealed Langmuir and Sip as two-and three-parameter isotherm models well-fitted for BGD uptake from aqueous solution using calcined particles (CPs) of SS-RH. Chi-square (c  2 ) error function proved to be the best applicable predictive error function for the two-parameter isotherm study while sum of absolute error (EABS), hybrid functional error (HYBRID) and normalized standard deviation (NSD) are the best error functions for non-linear Redlich-Peterson, Sips and Toth threeparameter isotherm models respectively. Irregular surface texture was observed for the calcined particles of SS-RH as revealed by SEM with BGD filling the opening pores after adsorption. FTIR revealed shift in spectrum broad peaks after adsorption. EDS exhibited active mixed metal oxides formation before adsorption with the observance of weight percent change after adsorption. 
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Introduction
Modern records have revealed worsening of ecosystems resulting from adverse effects of neo-industrial activities causing great threat to human health and the environment in which he lives. Among these is the continuous rise in the pollution of water bodies resulting from discharge of brilliant green dye from textile, printing, pharmaceutical, pulp and paper, carpet, kraft bleaching and tannery industries (Gupta et al., 1992) being assisted by the exponential rise in the world population (Foo and Hameed, 2010) . Brilliant green dye (BGD) is a synthesized cationic dye with mutagenic, carcinogenic and toxic attributes causing havoc to different microbiological species (Nandi and Patel, 2017) . Thus, a proficient technique is required in the removal of BGD pollutants from water bodies as it is estimated that about 30% of dye used remains unfixed (Lakshmi et al., 2009 ) due to their high stability and resistance to biodegradation (EI-Qada et al., 2008) . A broad range of methods such as electrochemical technique (Lin and Peng, 1994) , nanofiltration membranes (Ahmad et al., 2008) , advanced oxidation and microfiltration (Jana et al., 2010) , ultrasonic technique (G€ urses et al., 2006) , photocatalytic degradation (Mahalakshmi and Arabindoo, 2007) , coagulation (Klimiuk et al., 1999) , membrane separation (Purkait et al., 2003) , merged photo-Fenton and biological oxidation (Martın and Perez, 2008) , ozonation (Maldonado et al., 2006) , bioremediation (Abd El-Rahim et al., 2009), aerobic degradation (Murthy and Manonmani, 2007) , photodegradation (Lodha et al., 2011) and adsorption (Nandi et al., 2009 ) have been proposed in treatment of waste water contaminated with dyes. However, their respective advantages and shortcomings had been presented in literatures (Can et al., 2006; Mohan et al., 2007; Basha et al., 2008; Daneshvar and Ashassi Sorkhabi Kasiri, 2004; Bayramoglu et al., 2004; Liang et al., 2009 ) with adsorption being considered as an outstanding method of contaminated waste water treatment (Meghea and Rehner, 1998; Panahi et al., 2008) due to its simplicity, availability, low cost, technically viable, high performance and socially satisfactory features (Nouri et al., 2007; Gottipati and Mishra, 2010) .
Numerous adsorbents synthesized from low-cost natural materials such as wheat shell (Bulut and Aydin, 2006) , eggshell (Akazdam et al., 2017) , saw dust (Zafar et al., 2008) , clay (Amin et al., 2015) , bamboo charcoal (Zhu et al., 2009) , guava leaf powder (Ponnusami et al., 2008) , pinang frond (Ahmad and Alrozi, 2011) and so on had been used for the removal of coloured dyes from aqueous solution.
In recent developments, nanocomposite iron-based adsorbent had been used for methylene blue and malachite green dyes (Alqadami et al., 2018) , brown macroalga for methylene blue dye (Daneshvar et al., 2017) , starch/poly(alginic acid-cl-acrylamide) nanohydrogel for coomassie brilliant blue R-250 dye (Sharma et al., 2017) , amberlite IRA-938 resin for rose Bengal dye (Naushad et al., 2016) , polyaniline Zr(IV) selenotungstophosphate nanocomposite for methylene blue and malachite green dyes (Pathania et al., 2015) , potassium hydroxide-treated palm kernel shell for methyl violet dye (Ming-Twanga et al., 2017) and nanostructured TiO 2 /polyaniline nanocomposite for methyl orange and methylene blue dyes (Gnanasekaran et al., 2018) removal from aqueous solution.
In general, information obtained from simulation results of equilibrium isotherms of adsorption using experimental data is very imperative. Adsorption isotherms explain pollutants interaction with the used adsorbent at constant temperature. Parameters obtained from this are very crucial as they are applicable for (1) adsorption mechanism pathways optimization (2) adsorption systems effective design purposes and (3) surface properties and adsorbents capacities expression (El-Khaiary, 2008; Thompson et al., 2001) . To achieve these, the use of error analyses is required for accurate and consistent adsorption parameters prediction to enable adequate adsorption equilibrium correlations establishment (Srivastava et al., 2006) . Nevertheless, data obtained from series of batch adsorption experiments have discrepancies resulting from measurement error which in return affect data accuracy. Thus, statistical error functions are effective tools to tackle great challenges of data errors to affirm accurate measurement results and better fitness of equation to experimental data.
Recently, rice husk was used as adsorbents for acidic dye removal from aqueous solution (Edokpayi et al., 2018) . However, this novel study reveals the effectiveness of composite snail shell-rice husk as adsorbent for brilliant green dye uptake from aqueous solution which is a cheaply available low-cost adsorbent that could be beneficial to small scale industries for waste water treatment before disposal. Also, this research work exhibits not only best-fit isotherm model for the obtained experimental data but also best error function that gives highest efficiency of experimental data. These will be of immeasurable benefits to prospective researchers in the fields of equipment design (adsorption column) for waste water treatment and material science with specialization on generating useful materials from dumped wastes such that new theories and innovations can be developed in these areas of research.
In this study, a low-cost composite adsorbent prepared from snail shell and rice husk (SS-RH) was used for the adsorption of brilliant green dye (BGD) from aqueous solution. Two-parameters (Freundlich, Langmuir, Temkin, Dubinin-Radushkevich,
Harkin-Jura and Halsey) and three-parameters (Redlich-Peterson, Sips and Toth) isotherm models were used to fit the experimental data. Because of the main shortcomings of linear regression method in fitting model and its parameters evaluation which include: (1) error changes discrepancy (Kumar and Sivanesan, 2006) and (2) unsuitability for models with more than two parameters (Kumar 2007) , both linear and non-linear regression methods were used to test the fitness of these models and their parameters evaluation using nonlinear chi-square test (c 2 ), sum of squares of the errors (SSE), average relative error (ARE), residual root mean square error (RMSE), coefficient of determination (R 2 ), standard deviation of relative errors (S RE ), Marquardt's percent standard deviation (MPSD), normalized standard deviation (NSD), hybrid functional error (HYBRID), sum of absolute error (EABS) and Spearman's correlation coefficient (r s ) error functions. These error functions were minimized while R 2 was maximized simultaneously over examined concentration range to obtain best experimental data fitness and estimation of models coefficients using Microsoft ExcelÒ solver Add-Ins.
Materials and methods

Preparation of calcined particles of SS-RH composite
The rice husk and snail shell were obtained as wastes from Lafenwa market, Abeokuta, Ogun State and Bodija international market, Ibadan, Oyo State, Nigeria respectively. The snail shell was soaked for some hours and unwanted materials were removed after which it was washed with distilled water for purification. The rice husk was sieved and handpicked to remove dirt and unnecessary materials. Both raw materials were oven dried at 100 C for 24 hours. Mechanical grinder and sieve were used to obtain less than 0.4 mm particle size. The powder form of each of the raw materials was kept in separate clean polythene bag to avoid moisture contamination and placed in a covered bucket. A mixture of snail shell-rice husk was prepared at a ratio of 2.61 with the addition of 100 ml distilled water in a beaker to form a suspension. The mixture was filtered after being homogenised on a hot plate for 1 hour while the residue was placed in an oven to eliminate excess water for 2 hours at a temperature of 130 C. The mixture was calcined at 681.10 C for 2.61 hour in a muffle furnace (Carbolite, ELF11/6B, United Kingdom) to obtain the composite adsorbent.
Preparation of brilliant green dye solution
The adsorbate (brilliant green dye) used in this work was purchased from TopJay Scientific Laboratory, Ajilosun, Ado-Ekiti, Ekiti State with the following physicochemical properties: chemical formulae C 27 H 33 N 2 .HO 4 S, molar mass 482.64 g/ mol, melting point 210 C, maximum wavelength 625 nm and solubility in water to be 100 g/L at 20 C. 1 g of brilliant green dye powder was dissolved in 1 Litre of distilled water (1000 mg/L) to make a stock solution.
Equilibrium studies of batch adsorption
The batch adsorption process was executed using a temperature-controlled magnetic heat stirrer (Stuart heat-stirrer, SB162). UV-visible spectrophotometer (Spectrumlab 752s) was used to measure filtrate absorbance at maximum wavelength of 625 nm. A calibration curve was prepared by plotting absorbance measured at different initial concentrations of 20, 40, 60 and 80 mg/L of BGD against each other to determine adsorbate concentration. The adsorption capacity of the adsorbent, q e (mg/g) at equilibrium is measured using Eq. (1).
where C o and C e are initial and final concentrations of the BGD (mg/L), V is is the volume of solution (L) and W is the weight of adsorbent (g).
Characterization of calcined particles of SS-RH composite
The calcined particles of snail shell-rice husk used as adsorbent for BGD adsorption was characterized before and after the process using scanning electron microscopy (SEM-JEOL-JSM 7600F) to study its surface morphology and textural structure.
The active functional groups present in the adsorbent enhancing its adsorptive characteristic for BGD uptake from aqueous solution was characterized by Fourier transform infrared (FTIR) spectrometer (Nicolet iS10 FT-IR Spectrometer).
Isotherm models for adsorption equilibrium studies
Adsorption isotherms explain adsorbed molecules distribution between the liquid phase and the solid phase when the adsorption process reaches an equilibrium state. Table 1 summarizes all the isotherm and kinetic models used The isotherm models used to fit the experimental data include two-parameters (Freundlich, Langmuir, Temkin, Dubinin-Radushkevich, Harkin-Jura and Halsey) and three-parameters (Redlich-Peterson, Sips and Toth) isotherm models. Pseudo-first and pseudosecond order kinetic models were used to study the progress of the reaction.
Error functions for isotherm parameters prediction
The list of error functions (non-linear chi-square test, sum of squares of the errors, average relative error, residual root mean square error, coefficient of determination, standard deviation of relative errors, Marquardt's percent standard deviation, normalized standard deviation, hybrid functional error, sum of absolute error and Spearman's correlation coefficient) used for this study is presented in Table 2 .
Non-linear chi-square test is calculated via summation of squares differences between experimental and calculated data with each squared difference divided by its corresponding value. Sum of squares of the errors is obtained by summing the squares of the difference between experimental and calculated value for the number of data points considered. The residual root mean square error is used to judge equilibrium model with optimal magnitude. The coefficient of determination, R 2 , gives 
Temkin and
Pyzhev (1940) DubininRadushkevich PseudosecondOrder
Cheung et al. (2001) q e (mg g À1 ): experimental adsorption capacity of SS-RH adsorbent at equilibrium,
Freundlich isotherm constant related to the sorption capacity, C e (mg L À1 ): BGD adsorbate equilibrium concentration, n: a constant which gives an idea of the grade of heterogeneity, K L (L mg 
Adsorption operation parameters effect
The effects of pH (3, 5, 7 and 9), brilliant green dye initial concentration (50, 100, 150 and 200 mg/L), contact time (10, 20, 30, 40, 50 and 60 mins) and adsorbent mass (0.1, 0.2, 0.3 and 0.4 g) were investigated with the aid of a temperature controlled heat magnetic stirrer (Stuart heat-stirrer, SB162) placed at rotational speed 
q e;exp À q e;calc q e;exp this temperature as favourable for dye adsorption from solution (Achmad et al., 2012 was predicted by Langmuir model. Recent studies also found Langmuir model to be well-fitted for adsorption process over others Naushad et al., 2017) . The linear plots for all the linearized two-parameter isotherm models are presented in Fig. 3 . Table 3 presents three-parameter adsorption isotherm constants and correlation coefficients for BGD uptake on SS-RH at 50 C. The Sip isotherm fitted well for the adsorption of BGD using SS-RH with R 2 value of 1.000. The R 2 values for
Redlich-Peterson and Toth isotherms were 0.9755 and 0.9503 respectively. Sips isotherm had been shown by previous studies to be the most fitted threeparameter isotherm model for adsorption process. The linear plots for all the linearized three-parameter isotherm models are presented in Fig. 4 . 
Non-linear regression analysis of isotherm models
Non-linear regression of two-parameter isotherm models
The best fit was chosen based on sum of normalized error (SNE) with minimum value. Table 3 amount of BGD adsorbed decreases with increase in initial concentration of the BGD which suggests that an increase in dye concentration increases number of BGD ions present in solution with limited number of active sites (Gottipati and Mishra, 2010) . Nevertheless, a poor R 2 value of 0.4257 obtained for Halsey does not make this exhibition to be justifiable in driving at this conclusion.
Non-linear regression of three-parameter isotherm models
The sum of normalized error with minimum value was also used here in selecting the best fit for the non-linear regression of three-parameter isotherm models. The values of isotherm constants and R 2 values obtained are presented in Table 3 while the plots of adsorbed quantity of BGD by calcined SS-RH particles (q e ) with initial BGD concentrations (C e ) for all the three-parameter isotherm models are shown in Fig. 6 . The R 2 values being very close to unity proved all the threeparameter isotherm models to be best fit for the BGD adsorption using SS-RH.
However, Sips and Toth are the best fit with R 2 value of 0.9999. The linear regression revealed only Sips to be the best three-parameter isotherm model with R 2 value of 1.0000 with very close values of isotherm constants as obtained for the non-linear regression. In all the plots shown in Fig. 6 , L-type shape was obtained indicating that adsorbed quantity of BGD onto SS-RH increases with BGD initial concentration (Giles et al., 1974) . Nevertheless, it shows the efficacy of the calcined SS-RH adsorbent to adsorb BGD even at higher initial concentrations. This is also supported by increased in driving force for mass transfer at higher concentrations (Tehrani-Bagha et al., 2011) . 
Error analysis
Results of error functions for linear fit
In order to obtain an isotherm model that best describes the equilibrium relationship of BGD removal from aqueous solution using SS-RH, the use of error functions for the linearized isotherm models for best fit determination is imperative. Though linearized form of isotherm models have been attributed with some anomalies of error deviation, they are needed for comparative purposes with the non-linear types (Subramanyam and Das, 2009) . Table 4 presents the values obtained from the simulation of error functions using linearized isotherm models of two-and three parameters. The result revealed Langmuir isotherm model to be the best two-parameter model fit for BGD uptake from aqueous solution using SS-RH having highest R 2 value of 0.9984 and lowest values for the error functions while Sips is the best three-parameter isotherm model that best describes the adsorption process with highest R 2 value of 0.9999 and lowest error functions values. The order of best fit for two-parameter isotherm models is Langmuir > Temkin > Freundlich > Halsey > D-R > H-J while the order is Sips > Toth > R-P for three-parameter models. Nevertheless, of all the error functions used, chi-square was the best error method that can accurately determine isotherm model parameters as it gave the lowest error value of 0.0770 and 0.0028 for two-and three-parameters isotherm models respectively (Ncibi, 2008) . The error functions results obtained also corroborate with the linear regression analysis for the isotherm models (shown in Table 3 ) as both Langmuir and Sips were revealed to be the best model describing BGD adsorption from aqueous solution using SS-RH composite adsorbents. Previous studies have also presented similar results [(Bera et al., 2013) , (Hamdaoui and Naffrechoux, 2007) ]. 
Error functions results for non-linear fit
The results of different error functions used for the non-linear regression of two-and three-parameter isotherm models are presented in For the non-linear three-parameter isotherm models, the result (presented in Table 3 ). This affirms the consistency of the non-linear Sips isotherm model with the linear form. Similar studies have shown non-linear Langmuir and Sip isotherm models using parameter set obtained from MPSD error as the best overall model for all two-and three-parameter models (Ho et al., 2002; Chen, 2015) .
Adsorption operational parameters effect
The adsorption capacity of calcined particles of snail shell-rice husk increases from 37.342 to 88.625 mg/g as the solution pH increases from 3 to 9 (Fig. 7a) . Lower adsorption capacity at lower pH resulted from the presence of positively charged ion generated via calcination on adsorbent surface competing with the hydrogen ion of the BGD. However, presence of strong electrostatic and weak van der Waals forces between the adsorbate negatively charged ions (OH À ) and adsorbent positively charged ion (H þ ) accounted for higher adsorption capacity at higher pH value. This observation was also revealed by previous study (Rahman and Sathasivam, 2015) .
The adsorbent adsorption capacity increases from 57.237 to 125.618 mg/g as the adsorbent mass dosage increases from 0.1 to 0.4 g (Fig. 7b) . This could be attributed to formation of additional surface area for BGD removal from aqueous solution which subsequently increases the number of active sites. Similar results have been reported elsewhere (Venckatesh et al., 2010; Shirmardi et al., 2012) .
As the adsorption contact time increases coupled with increase in the BGD initial concentration, the adsorption capacity also increases rapidly at the first 20 minutes of each experimental run while equilibrium was attained after 40 minutes (Fig. 7c) . The adsorption process was favoured by increase in concentration gradient; and electrostatic forces between molecules of BGD and atoms on adsorbent surface. Attainment of equilibrium after 40 minutes could be attributed to decrease in active sites on adsorbent surface due to its pores being occupied by BGD causing reduction in internal diffusion. Similar studies have also reported almost same results (Ramuthai et al., 2009; Aljebori and Alshirifi, 2017) . Table 6 presents parameters obtained for the pseudo-first-order and pseudo-secondorder kinetic studies of BGD uptake from aqueous solution using calcined particles of SS-RH. First order rate constant (k 1 ) and corresponding theoretical equilibrium adsorption capacity (q e;cal ) were respectively obtained from the intercept and slope of Inðq e À q t Þ against time. Second order rate constant (k 2 ) and corresponding theoretical equilibrium adsorption capacity (q e;cal ) were respectively obtained from the intercept and slope of q e,exp adsorption capacities at equilibrium suggest it as being the best to describe BGD adsorption onto calcined particles of SS-RH. The reaction rate was controlled by chemisorptions due to electrons exchange between BGD ions and SS-RH functional groups (Hameed et al., 2009 ). Also, physi-sorption of SS-RH towards BGD dye was observed to an extent (Idan et al., 2018) . Previous studies have also reported similar results (Shelke et al., 2010; Amin et al., 2015) . However, contrary result was presented elsewhere .
Kinetic studies
3.6. Material characterization
SEM images
The SEM images obtained before and after the adsorption of BGD onto calcined particles of SS-RH are presented as Fig. 8 Table 7 summarizes the values of broad peaks wavelengths with respective suggestions revealed by FT-IR spectra (Fig. 9 ) of the composite SS-RH adsorbent before and after the uptake of BGD respectively recorded in the range of 350e4400 nm.
FT-IR analysis
Observed sharp broad peaks suggested complex nature of the calcined particles of SS-RH adsorbent with the availability of active functional groups enhancing BGD adsorption onto the adsorbent surface and pores. A shift in the broad peaks of the spectrum after adsorption and the stated observations suggests functional groups presence on the SS-RH surface (Amin et al., 2015) ; and interaction between the BGD molecules and the functional groups during adsorption respectively (Kooh et al., 2016) . sites of calcined SS-RH particles. A study also revealed silicon and calcium composition to be 32.2 and 10.21 wt% whose sources were from rice husk and snail shell respectively (Korotkova et al., 2016) . Reduction in wt% of active oxides of Si, Al and S in the calcined SS-RH particles suggested their strong affinity to adsorb BGD from aqueous solution. Though a study presented by Kumar et al. (2010) synthesized active mixed metal oxides from only rice husk for adsorption of cadmium from aqueous solution, similar weight percent were observed before and after the process.
Energy dispersive spectroscopy (EDS) analysis
3.7. Proposed adsorption mechanism of brilliant green dye onto calcined particles of snail shell-rice husk
The reaction mechanism of BGD adsorption onto CPs of SS-RH is a function of electrostatic attractive force existing between negatively charged surface of the adsorbent and positively charged BGD dye. The functional groups present on the CPs of SS-RH surface and pH reliance of BGD adsorption from aqueous solution onto CPs of SS-RH are instruments for the explanation of these electrostatic attractive forces. The existence of hydroxyl (OH À ) and carboxyl (COO À ) groups on CPs of SS-RH were revealed by FTIR ( 
SS-RH
Eqs. (4) and (5) revealed that electrostatic attractive forces enhanced BGD adsorption onto CPs of SS-RH at high solution pH. Thus, the proposed mechanism of adsorption process can be represented as Eqs. (6) and (7).
Conclusion
Linear and non-linear regression of two-and three-parameter isotherm models have been investigated using different error functions for BGD removal from aqueous solution using snail shell-rice husk. Langmuir and Sip fitted well for BGD uptake from aqueous solution using SS-RH. Chi-square (c 2 ) predicted well for non-linear Langmuir model while EABS, HYBRID and NSD predicted well for non-linear R-P, Sips and Toth isotherm models for BGD adsorption onto SS-RH. The SEM images before and after adsorption revealed formation of irregular surface texture and adsorption of BGD onto the surface of calcined particles of SS-RH opening pores respectively. FTIR analysis exhibited shift in the spectrum broad peaks after adsorption suggesting the presence and interaction of active functional groups on SS-RH surface with BGD molecules. EDS analysis showed the formation of active mixed metal oxides before adsorption while changes in their respective weight percent was observed after adsorption.
Declarations
Author contribution statement Lekan T. Popoola: Conceived and designed the experiments; Performed the experiments; Analyzed and interpreted the data; Contributed reagents, materials, analysis tools or data; Wrote the paper.
